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Abstract

Holocene volcanic activity at Popocat6petl  volcano is cllaracteriz.ed by recurrent Plinian

eruptions of considerable magnitude every 1000 to 2000 years. Among them the last two

major eruptions are of particular interest because [hey destroyed several human

settlements. The older major Plinian  eruption ocurred between 2500 and 2100 y. B.P.

and started  with minor ash fdl and and ash flows followed by a series of surges
h

produced by hydromagmatic explosions at the crater. Subsequently, the eruption reached

its climax with a main Plinian  phase and the deposition of a pumice fall with a dispersion

axis towards the NE. The eruption culminated with the emplaccmen(  of hot ash-flows

followed by mudflows. By 822-823 A.D. the area was repopulated and the pattern

essentially repeated destroying several settlements, including Cholula, a major ceremonial

center which was flooded by lahars. This time the dispersion axis of the Plinian pumice

fall was to the east. Reoccurrence of such an eruption today woLlld have disastrous

effects and this possibility should be seriously taken into consideration by disaster

prevention authorities.

Introduction

On December21, 994 Popocatdpct]  volcano in central Mexico (Fig. 1 ~ startecl erupting

and forcecl  civil protection authorities to evacuate 50 000 pec)ple living on the eastern

flank of the volcano. Although so far the activity has been mostly restricted to the

periodic emission of fine ash, a major cataclysmic Plinian eruption cannot be ruled out.

Closer inspection of deposits produced by the last two major eruptions 2500 to 2100 y.

B.P. and 1255 to 1095 y. B.P. revealed e;idence  of Popocat&pctl’s  destructive potential.

Both eruptions were quite devastating and followed a similar eruptive pattern. After

emission of minor ash fall and ash flows the climactic phases of the eruptions started

with hydromagmatic  explosions at the summit crater that produced a series of hot

pyrocJa$tic surges. This activity peaked in a major l’linian  eruption whose column



reached stratospheric heights and produced thick Plinian pumice fall deposits. The

eruptions culminated with the emplacement of ash flo~!fs and mudflows radially away

from the volcano. In both cases, vast areas were destroyed including preco]umbian

, settlements, as evidenced by agricultural furrows, pottery sherds, etc. covered or

incorporated by the deposits.

Stratigraphic  relations

The best outcrops showing the emptive  sequence of the two major Late Holocene P]inian

eruptions occur in the northeastern sector of the volcano (Figs. 3 and 4). I;rom more than

130 stratigraphic  sections studied in detail, the four most representative arc. shown in Fig.

3. The older Plinian  sequence usually rests on top of a dark-grcy to brownish ash flow

deposit sequence rich in charcoal, whose surface was exposed for a long period of time

. . .
and was exploited agriculturally by early inhabitants of the Xa]itzintla  Valley. on this

surface well preserved agricultural furrows, abundant pottery sherds and occasional

remains of housing structures have been found (1). C-14 dates of charcoal within these

deposits yielded ages that range between 2175 + 55/-50 and 2470 i 70 y. B.P. (Table

1).

The older Plinian eruption started with the emission of n iinor ash fall ancl ash flows. This

activity led to the emplacement of hot, turbulent, diluted surges preserved at proximal

areas. “Their deposits consist of up to f]vc thin (2 -10 mII  I) layers of ochrc ancl grey, silty

to sandy ash beds with frequent cross-bedding. After this initial phase of hydromagmatic

activity, the main phase of the eruption began producing’, a thick and widespread Plinian

pumice fall. The deposit is characterized by ochre colored angular pumice clasts of

andesitic composition (Table 2) with minor dark grey scoria  clasts  and occasional light

green siltstone  clasts. A thickness of 110 cm has has been rneasurccl at location 9484

near San Nicolds  de 10S Ranchos (Figs. 3 and 4), 20 kln from the crater. The principal

dispersion axis points towards the NE. Using the methods of (2) to estimate the height of

the Plinian  eruption column from the thickness, distribution, and clast si~e, we calculate

—



that the column reached at least 25 km in altitude, WC]] into the stratosphere, where

particles and aerosols became globally dispersed.

The eruption ended with the emplacement of ash flows distributed radially around the

volcano. They were channeled by prc-existing  topography and their deposits consist

mostly of pumice fragments embedded in a dark grey sandy matrix, rich in charcoal.

Afterwards, the erupted material was partially remobilized by lahars that reached localities

at considerable distances away from the volcano (e.g. Cltautla  and Izticar).

After this major eruption at least three minor eruptions occumd  that included the local

emplacement of lahars, block-and-ash flows, scoria  flows, a minor

and related ash flows (see Fig. 3).

The younger major Plinizm eruption started again with ]ninor ashfal]

I’]inian pumice fall

:HIC] flOWS followed

by hydromagmatic activity and emplacement of at least four silly-sandy surge deposits

with occasional cross-stratification. C-14 dates of charcoal and pine needles within the

. ash flow and surge deposits yielded ages that range between 1255 ~ 60 and 1095 i 60 y.

B. P. (Table 1). These deposits rest frequently on top of the reworked ochre pumice,

with agricultural furrows and abundant potlery  shards oll top of this reworked surface

Again, after emplacement of the surges, the main phase of the eruption producec] a thick

pumice fall layer with a dispersion axis towards [he ENE. I’he fall deposit is

characterized by pink-grey angular fragments of two-pyroxenc andcsitc  pumice almost

identical in chemical and mineralogical composition to the ochre pu]nicc (Table 2). This

points towarcls the existence of a large and lon.g-lived n mgma cha]nbcr.  The occurrence

of minor lithic scoria  fragments in both pumice fall CIC]  ~osits suggests rcpcatecl injection

of more basic magma from greater depths into the silicic shallower chamber during both

eruptions. Although at proximal outcrops of the last Plinian  eruption only onc fall unit
.

can be recognized, in the Xalitzintla Valley  three distinct units are found. Again, using

the method of(2), we estimate a height of at least 25 km for the Plinian eruption column.

On top of this pumice fall deposit again a sequence of dark grcy ash flows ancl ashfall

deposits occurs, which were followed by the emplacement of muc]flows.



The above described deposits were previously studied I)y several invcs[igators  (3), who

also provided C-14 dates for some of the units. C-14 dates reported by these authors for

the upper Plinian eruption range bctwccn 880 * 80 and 965 i 60 y. B. P., which are

consistently younger than our dates. This is in strong disagreement with results of our

investigations. It is beyond the scope of this paper to cliscuss  the cliscrcpcncics  in detail,

but we are very confident in our results based on replicate measurements, detailed

stratigraphic  analyses of more than 130 stratigraphic  sections, and relative consistency of

our dates obtained at different locations.

Local and globs

Due to their favor:

impact of the eruptions

le geographic location with temperilte clinmtc, fertile volcanic soils,

and availability of water, the high valleys of Central Mexico provi(icd  the means for,.
. . .

cultural development of Early Man. Between 1000 and 100 B. C., nu[ncrous  agricultural

settlements ancl few more important ceremonial cel]ters (e.g. Cuicuilco, Tlatilco,

Cholula)  had developed in the Valleys of Mexico  and pucb]a  (4). ‘1’lw  valleys arc clivided

by the volcanic chain comprising lxtaccihuatl (5280 m) and Popocatdpetl  (5452 m)

volcanoes (Fig. 3). So far, enough evidence. has been found by us and others (1)

supporting a direct  impact of the 2500-2100 B.P. eruption on human settlements. in the

Xalitzintla Valley (see Fig. 3) agricultural furrrows, IIousinp structures ancl domestic

artifacts were buried by the Plinian fall deposit. Near Paso dc Corles  ilnd Amccamcca  wc

have found pottery sherds  cmbcclcd in pyroc]astic  deposits, both, stl:ltigl:i])hically  below

and above the pumice deposits. Ilasecl  on the distributit)n  of the clcposits  the clestruction

of early settlements must have been very extensive. The timing of this eruption roughly

coincides with a major migration within tie basin of Mtxico. Iletwecn  100 B.C. and 100

A.C. archaeologists report that settlements in the sou[heastcrn  par[ of the basin at the

shores of Chalco lake declined in population, while the Zumpango and Teotihuac4n

valleys to the north suffered a substantial demographic increase (4).



By 750 to 800 All. the ancient cities of Tcotilluncxfn  aTKl Cholula  had already reached

their cultural peak and the Classic Period of Mcso-Anlerican  civilization was near its end.

Cholula was one of the most inlpollant  religious ccntcrs in Mesoamcrica.  III the northern

portion of the Mexico Basin, Teotihuacin  had achieved utmost importance, with a

population estimated as high as 150,000 (4). Archaeological evidence points to a major

and abrupt decline in population and cultural activity by 750 A.D. ‘1’his represents the

boundary between the Classic Period and the start of the Postclassic  Period (see Fig. 3).

Apparently Cholula  was temporarily abandoned shortly after this tin~c around 800 A.D.

(5). The exact reasons for this major cultural transition ale unknown but researchers have

speculated that food shorlages,  sod exhaustion, droug]]t, or invasion by semi-nomadic

groups may have been responsible.

Our investigations indicate that a major cataclysmic eruption occLIred  at Popocatcpetl  at

this time and certainly affected a minimum arra of ca. 70, 000 kn~2. in addition to the
. .

volcanic deposits (base surges, pumice falls, ash flows, and lahars)  described above,

around the city of Chol Lila we have found cviclcnce for widespread floods that reached

the base of the great pyramid of Cho]u]a,  where their deposits crop out. ‘1’hc sccluence of

mudflow and flood deposits contains abundant pumice, pottery shercls, and obsidian

artifacts. This implies that the city ancl surrc)unding  :Igricu]tural areas were mostly

destroyed, leaving essentially the pyramids sticking out of a mucldy wasteland. Whether

this event by itself triggered the cultural dcclinc or was o]lly an additiotlal factor cannot be

cvaluatccl  at this time. In this context it shoLlld  bc menti(mccl  that most of the pyroclastic

material producecl  by this eruption was hot cnou.gh  10 carbonize al] organic matter

encountcrccl.  Large forest f]res were associated with the eruption, incrcasi  I]: the potential

for devastating floods.

It can not be a coincidence that the rise ~nd fall of l’e(}tihuacfin  and Cholula,  the most

important cities  in Central Mexico during the Classic Period of Mesoamerican

Archaeology are bracketed by I’opocat&pctl’s last ] najor  l’linian  eruptions. These

eruptions certainly did not only affect snmllcr scttlcmcnts  in its immediate surroundings,

but JJNJS!  also have damaged man-made irrigation systems at more distant areas. The
—
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repercussions of Cholula’s  and Tcotihuacan’s fall seem to have been associated with

mayor waves of migration felt throughout civilized Mexico and Central America affecting

also the Maya cenlers  in Yucat4n and Guatcma]a  (4). 1 n this context it is important to

mention the cyclic myth of creation ancl destruction portrayed so profusely in

Mesoarncrican  art and religion, which might have had its origin in the repeated volcanic

disasters that rocked central Mexico.

On a global scale, this eruption also had an impact. The younger Plinian eruption column

reached stratospheric heights allowing dispersal of S04 -2 rich aerosols an[i ash around

the globe. The hi-yearly S04 record from the GISl?2 Greenland icc core (6) shows a

major (VEI>4) cruptjon  (7) of unknown origin at A. Il. 822-823. Our C-14 dates (Table

1) for the younger Plinian  eruption closely cluster around this date, strongly suggesting

that it is the same event. It is further possible that this e] uption may have affected global

climate, like the 1982 and 1993 Pinatubo  erup[ions  (8). The possibility of pinpointing

the date of this eruption with the information from the ice-cores to almost the exact year

of its ocurrence  is of particular interest and will certainly solve a we.iilth  of stratigraphic

problems in the l.atc Quarternary Geology and Archaeology  of the area. l)ecause  of the

eastward dispersal of the P]inian  pumice fall we can spccu]atc  that the eruption most

probably ocurred during the winter or spring of A.D. 822 or 823, because the winds

above 5000 m a]tidude  have a prevailing eastward direction during that seasons of the

year.

Concluding Remarks

In conclusion our investi~atjons  reveal that the last two major cataclysmic eruptions of

Popocat6petl  occurred in historic time :;~d were responsible for natural disasters. The

older eruption ocurred between 520 + 70 and 225 * 50 B.C. and the younger occurred

with great certainty in 822 or 823 A.D. Both eruptions bracket the CJassic Period of

Mesoamcrjcan  Archaeology ancl the time interval elapsed between both eruptions ranges

between 1047 and 1342 years. Assuming  pcriocljcity  of eruptions and extrapolating into



the future another cataclysmic eruption should occur between 1869 and 2164 A.D (see

also Fig. 2). This is a very unfwourablc  conclusion, fortunately based on an uncertain

asumption.  The crucial c]uestion  still remains unanswered: 1s the mag]natic  system ready

for another cataclysmic eruption ? Is the present ac[ivity  with apparently harmless

emission of ash only another small intermezzo in a Ionj’,  chain reaching back to the days

of the Spanish Conquest ? Or are the high S02 emissions recorded during the last

months a clear indicator for a Plinian  eruption in the near future ? Our present knowledge

of the volcano and capability to interpret the data gathered by geophysical monitoring

dots not allow us to discard any of the two possibilities.

. .
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I.ist  of Tables

Table 1: The chemica]  ancl mineralogical compositiorl  of the pumices emittecl during

Popocat6petl’s  last major eruptions is almost identical, despite of Nn emission interval

of ca. 1100 years. l’his attests to the existence of a large and long-lived magma

chamber underneath the present volcanic edifice.

Table 2: Radiocarbon datings of charcoa

Popocat6pct1’s  last major Plinian eruptions.

Scat[le-Groningen  method (9).

found within deposits produced by

Dendrological]  y cal ibra[ed ages after the



Table 1: Chemical composition of Popocat6petl
Plinian  pumice samples

Sample #
material
Eruption

Si02
Ti02
A1203
Fe203
FeO
Fe203*
MnO
MgO
Cao
Na20
K20
P205
LOI
Total

13a
Nb
t%

‘Sr
‘ Y

z{ ““
Sc
Th
u

La
Ce
Nd
Sm
Eu
Tb
Yb
Lu

ppm

ppm

9441 Ta +6
pink pumice

822-823 A.D.

61,29
0,72

16,03
1,23
3,67
5,31
0,09
3,91
5,01
4,21
1,96
0,21
0,88

99,62

476
5

57
487

2 3
211
11,2

5,7
2

20
41
20

4,6
1,3
<1

2
0,2

9445 Ta-2
ochre  pumice
500-100 B.C.

61,26
0,72

16,22
1,29
3,67
5,37
0,09
3,83
5,13
4,27
1,94
0,21
0,88

99,91

4 5 2
<5
5 6

4 8 0
2 2

2 0 8
11,6

5,7
2

2 0
4 2
2 0

4,7
1,2
< 1

2
0,2
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Tmblb 2: Rsdlocarb.m daz.s  of wroc!.8tlc  doposlts  rmwcl.tti  to !h.  1..1  t w o  malor  Plln!an  .r.ptl.ns  at POPOC.t6vtl  vol.-o

%mpl.  rh Ervptlon Type of DopOslt Loc.Mon Latlt.de

9481
9592
9302- B
9440
9686 B L
9;91

9463
9432
94A3

822/823 A.D,
822/823 A.D.
832!823 A. D
022/823 A D.
8ZW823  A.D.
822/823 A.C

sLw~m  9 c.
5!)C-3CC 9 c
Soo.lcm 9,C.

ash-a  ti.wmice  %w
,S+a”a-wvlce  *,OW
a,h.and.t,”m!ce  flow

Alt!tude

3540 m
Zdzo m
232o  m
3965 m
2440  m
:260  m

2370 m
?525 ~
~~ps ~

M*t*rfat Cmv.nt!Ond
dated date (y. B, P,)

Ca!fbmted  age af!er  (9)
(SeaM-Gmnmgen me!hod)
c.!  7 Slgm.
1583 % ccmf\deoce  k“d)

892-924, 936.1008 A D.
EB4.9W  A D
790-999 A D,
790-694, 9~6.955 A D
593-820, 840-859 A D.
.594.752, 756.978, 644.856 A D

25s.283, 252.222, 214..59 460.120  E C

752+29,  593-579.  552-7?C ‘? $
762-625, 596-574, 550-U9,  44 G-439 3 C

a 33c - ms
cd 2 sigma
(95 4 % cvnfv$-sncn  !sveo

79+806,  812.1030 A D .25,2
792-804. 914. ?010 A 9 .24,9

879-1040, l@W  ~1~0,  3140.7150 AD .24,1
712.746, 764-l CGC .49 .2., s
662-892, ?22.94  ~ A D .29,2

678-8@0  A 9 .23,0

%8-W  B C .2..6
W18C-73A3 .24 j

775-4DE E c .244

(do.)



I.ist  of Figures

Cover Photo: Emission of an ash plume rising 2500 m above Popocatdpctl’s  crater on

February 21, 1995 at 11.15 A.M. local time. ‘rhis type of intmvnittcnt  activity has

prevailed since initiation of the present eruption on Dccmbcr  21, 1994. Photo taken

by Claus Siebe during a helicopter reconnaissance flight.

Fig. 1: Location of Popocatdpetl  at the southern end of [hc volcanic clmin separating

Mexico and Puebla valleys. Major Prehispanic  arch:leologica]  sites mentioned in

the

the

text are also shown.

Fig. 2: Graph showing the archaeological time scale fol Central Mexico (after 4) and C-

- . .
14 datings of Popocat@ctl’s  last major Plinian  eruptions that bracket the Classic

Mcsoamcrican period.

Fig. 3: Stratigraphic  columns o

sequence of the last major Pli]

the best outcrops showing the volcanic dcpositional

ian eruptions at Popoc:itdpctl.

Fig. 4: 1.ocation of outcrops shown in Fig. 3 on the nol [heastcrn slopes of Popocatdpct]

and in the Xalitzintla (Tetimpa)  valley. This area was most severely affcctcd by the

historic l’linian  eruptions.
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Terminology

UPES = Upper Phian  Eruptive Sequence

EM= Eruptions of Intermediate in Age

~ LPES = Lower Plinian  Eruptive Sequence

F= Air Fall
; A.F  = Ash Flow

UPP = Upper Plinian Pumice
LPP = Lower Plinian  Pumice
~ SS = Surge Sequence
IF= Intermediate Pumice

~ PF = Pumice Flow
‘ BAF = Block-and-Ash F1OW
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